Introduction
Charmed mesons are produced in processes of charm quark fragmentation and in decays of bottom hadrons. The large values of the c and b quark masses allow using the perturbative QCD (pQCD) calculations for describing the heavy quark production. However, to describe completely the heavy quark transition into a given hadron, a nonperturbative parametrisation tuned to experimental results is needed. Fragmentation functions, used to parametrise a transfer of quark's energy to a given hadron, are expected to be rather different for different pQCD calculations [1, 2, 3] . Fragmentation fractions are probabilities for c/b quark to hadronise as a particular charmed/bottom hadron, f (c → H c )/f (b → H b ). The fragmentation fractions of b quark to a particular charmed hadron, f (b → H c ), can be defined similarly representing convolutions of the f (b → H b ) fractions and branching fractions of the bottom hadrons into a given charmed hadron. For heavy quark (Q) production at large energies far from the QQ threshold, the fragmentation fractions are often assumed to be universal.
Charm and bottom quark production in e + e − annihilations provides the cleanest environment for the heavy quark fragmentation measurements. A compilation of charm fragmentation fractions was performed in 1999 [4] using available at that time published and preliminary LEP measurements in Z decays as well as the results obtained at centre-of-mass energies of about 10 GeV. In this article, the fragmentation fractions of c and b quarks into the weakly decaying charmed hadrons D 0 , D + , D + s and Λ + c , and into the charmed vector meson D * + , derived from the final LEP results, are presented. The measurements at centre-of-mass energies of ∼ 10 GeV are not included in this compilation because they can be affected by exclusive production channels, such as e + e − → D ( * )+ D ( * )− [5] , and threshold effects. 
The LEP measurements, used in this article, were based on the charmed hadron decays summarised in table 1. Results of all measurements have been updated using new branching fractions of the above decays. For all decays, except Λ + c → p K − π + , the current world average values [6] of the branching fractions are used. For the Λ + c → p K − π + decay, the branching fraction determination in Ref. [6] is model dependent resulting in the value
3)% with the large uncertainty originating from the model dependence. In this article, the branching fraction obtained as the weighted mean of the BELLE [7] and CLEO [8] measurements is used for the Λ + c
The b quark fragmentation fractions are defined as sums of probabilities to produce a particular charmed hadron or its antiparticle.
Charm fragmentation fractions
Production rates of charmed hadrons D 0 , D + , D + s and Λ + c in Z → cc were reported by the ALEPH [9] , DEL-PHI [10] and OPAL [11] collaborations in the form of prod- Table 2 . LEP measurements of the products of Rc = Γ (Z → cc)/Γ (Z → hadrons), charm fragmentation fractions into charmed hadrons, f (c → Hc), and the branching fractions of the corresponding charmed hadron decays, B. The DELPHI and OPAL rates for D + s are corrected for the branching fraction B(φ → K + K − ). The first/second uncertainties are statistical/systematic. Table 3 . Charm fragmentation fractions into charmed hadrons, f (c → Hc), derived from the LEP measurements. The first/second uncertainties are statistical/systematic.
Hc ALEPH [9] DELPHI [10, 14] OPAL [11, 12] ) and B is the branching fraction of the corresponding charmed hadron decay. For D * + meson, the products were published by DELPHI [10] and OPAL [12] (the ALEPH direct measurement of f (c → D * + ) is described below). The measurements are collected in table 2. The DELPHI and OPAL rates for D are updated using the latest value of the B(D * + → D 0 π + ) branching fraction [6] .
Charm fragmentation fractions derived from the LEP measurements are collected in table 3.
Bottom fragmentation fractions
Production rates of charmed hadrons D 0 , D + , D + s and Λ + c in Z → bb were measured by ALEPH [15] , DEL-PHI [10] and OPAL [11] . The ALEPH collaboration converted the measured rates into the bottom fragmentation fractions, while the DELPHI and OPAL measurements were reported in the form of product ) and B is the branching fraction of the corresponding charmed hadron decay. For D * + meson, the products were published by DELPHI [10] and OPAL [12] . The measurements are collected in table 4. The DELPHI and OPAL rates for D The f (b → H c ) values measured by ALEPH are updated using the latest values of the relevant branching fractions [6] . For DELPHI and OPAL, the bottom fragmentation fractions are obtained by dividing the measured values from table 4 by the relevant branching fractions [6] and the SM value R b = 0.21579 [13] . 
Hc
ALEPH [15] DELPHI [10] OPAL [11, 12] Table 5 . Bottom fragmentation fractions into charmed hadrons, f (b → Hc), derived from the LEP measurements. The first/second uncertainties are statistical/systematic.
Hc ALEPH [15] DELPHI [10, 14] OPAL [11, 12] 
59.7 ± 2.4 ± 1.3 59.6 ± 1.9 ± 3.6 54.2 ± 2.7
14.4 ± 1.5 ± 0.8 12.8 ± 1.0 ± 0.6 16.6 ± 1.8 ± 1.6 Λ + c 7.2 ± 0.9 ± 0.6 6.6 ± 1.3 ± 0.6 11.3 ± 2.1 ± 0.9 D * + , rate -23.2 ± 0.6 ± 0.9 23.5 ± 0.9 ± 1.4
The double-tag measurement of the product
is updated using the latest value of the B(D * + → D 0 π + ) branching fraction [6] .
Bottom fragmentation fractions derived from the LEP measurements are collected in table 5. In ref. [9] , ALEPH reported the ratio
Using the ratio, the f (c → D * + ) value derived from the ALEPH D * + rate measurement, and the SM values of R c and R b gives f (b → D * + ) = 21.4% in general agreement with other results. However, this estimate is not included in the calculation of the LEP average values because there is not enough information in ref. [9] for evaluation of its uncertainties.
Average LEP fragmentation fractions
For each fragmentation fraction considered, the results are averaged using a standard weighted least-squares procedure [6] . The statistical and systematic uncertainties are added in quadrature and the combined uncertainties are used. For D 0 and D + from OPAL, the systematic uncertainties are slightly asymmetric and the uncertainty with a larger absolute value is used. The systematic uncertainties related to the detector description, signal-extraction Table 6 . Average values of the fragmentation fractions into charmed hadrons, derived from the LEP measurements, for charm quark, f (c → Hc), and bottom quark, f (b → Hc). The first uncertainties are the combined statistical and systematic uncertainties of the LEP measurements. The second uncertainties originate from the limited knowledge of the relevant branching fractions [6, 7, 8] . 102.1 ± 3.1(stat ⊕ syst) ± 1.1(branching fractions)% reflecting the fact that more than one charm quark is produced on average in the hadronisation and decay of one bottom quark due to b → ccs processes. The sums uncertainties are calculated taking into account correlations between systematic uncertainties of the four fragmentation fractions in each measurement [9, 10, 11, 15] .
Summary
The 
